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(54) Asymmetric speech coding for a digital cellular communications system 

(57) A digital cellular communication system pro- 
vides an asymmetric speech coder for improving audio 
quality in the uplink channel. A high rate speech coder 
is provided in the uplink of the digital cellular communi- 
cations system to improve the audio quality To compen- 
sate for the higher band width consumed by this high rate 
speech coder, the uplink uses a channel code, such as 
a convolutional code, that generates fewer symbols per 
each input bit, thereby consuming less bandwidth. The 
loss of coding gain as a result of the change in the con- 
volutional code is compensated for by applying a special 
power control strategy The power control strategy 
increases the transmit power for transceivers using the 
asymmetric speech coder. 
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Description 

Baclcaround of thie Invention 

1 ■ Fieid of tiie invention s 

The present invention relates generally to cellular 
communications systems, and more specif ically to a sys- 
tem and method Ibr improving speech quality of digital 
cellular communications systems. io 

2. Related Art 

The cellular communications industry has enjoyed 
booming growth over the past several years. Numerous 15 
individuals in business and industry, as well as in the pri- 
vate sector, have turned to cellular communications to 
serve many of their communications needs. However, as 
with any communications service, the most important 
factors to the customers tend to be cost, quality, and reli- 20 
ability. 

Cost is, at least to some extent, driven by the number 
of users that can simultaneously access a communica- 
tions channel. If more system capacity is available, the 
cost of that capacity can be spread over a greater 25 
number of users. Thus, one goal in designing a cellular 
communications system is to maximize the system 
capacity 

It is a goal of cellular service providers to maximize 
system capacity while maintaining an acceptable level of 30 
speech quality For example, in a direct sequence CDMA 
(code division multiple access) system, maximum 
capacity is achieved when the ratio Eb/Nt (energy per 
information bit to total noise power spectral density) is 
minimized. Therefore, for every user Eb/Nt is selected at 35 
the minimum needed to support acceptable channel per- 
formance. Because the noise power spectral density Nt, 
is generated primary by the interference of other users, 
all signals must arrive at the CDMA receiver at or near 
the same level of power. This is achieved in the mobile 40 
propagation environment by providing dynamic power 
control for the mobile station transmitter. That is the cel- 
lular system base station controls dynamically the power 
of the mobile transmitters to minimize the interference 
on the uplink (reverse link). 45 

In an effort to increase the capacity of cellular com- 
munications, cellular service providers typically provide 
speech coding. The goal of speech coding is to represent 
speech in digital form with as few bits as possible while 
attempting to maintain a high level of quality. At higher 50 
bit rates, achieving good quality is relatively easy How- 
ever, as bit rates are lowered, the problem becomes 
increasingly challenging. In particular, the audio quality 
degrades significantly in a noisy environment. Although 
higher bit-rate coding provides higher speech quality it 55 
also consumes more bandwidth. Thus, this has the effect 
of raising the cost of the service. 

The Cellular Telecommunications Industry Associa- 
tion (CTI A) adopted a standard for TDMA (Time Division 



Multiple Access) digital cellular mobile radio in the United 
States. This standard is an 8 kilobit/second (kbps) stand- 
ard using a vector sum excited linear prediction (VSELP) 
speech coder, which is an analysis-by-synthesis predic- 
tive coder. This coder has long- and short-term predic- 
tors, and calculates coder parameters based on frames 
of input data. Another standard, this one for CDMA, uses 
code-excited linear prediction (CELP), which can also be 
implemented as an analysis-by-synthesis predictive 
coder. It is common in the cellular communications 
industry to use an 8 kbps CELP speech coder for both 
the uplink and downlink signal paths. 

Also common in the cellular communications indus- 
try is to combine the 8 kbps CELP speech coder with a 
channel code. The channel code, often a convolutional 
code, improves the bit-error rate (BER) of the channel. 
A {k,n) convolutional code accepts n binary symbols at 
its input and produces /c binary symbols at its output. A 
conventional CDMA cellular system uses a (2,1) code for 
downlink transmissions, and a (3,1) code for uplink. A 
conventional TDMA cellular system uses a (2,1) code for 
both downlink and uplink. 

Summary of the Invention 

The present invention provides asymmetric speech 
coding for digital cellular communications systems. 
According to the invention, a higher rate speech coder is 
provided on the uplink, which is the weakest link in terms 
of audio quality. This higher coding rate for the uplink 
results in an increase in the quality of the uplink audio. 
The downlink coding rate is not increased, resulting in 
asymmetric speech coding. Thus, asymmetric speech 
coding can be provided to users as requested. Cellular 
transceivers operating with the asymmetric speech cod- 
ing are referred to as asymmetric-speech-coder trans- 
ceivers. 

As a result of the higher rate speech coder, system 
capacity for the uplink of a CDMA system is impacted by 
the speech coder. To compensate for this increased 
bandwidth consumption, the level of error control coding 
is reduced. For example, for a digital CDMA system 
which normally uses a rate 1A3 convolutional code, the 
convolutional code is switched to a rate 1/2. This results 
in two-thirds the number symbols being transmitted on 
the system uplink. As a result, the bandwidth consump- 
tion increase brought about by the increase in the speech 
coding rate is offset. 

To accommodate the loss in coding gain as a result 
of switching to a higher rate convolutional code, the 
transmitter RF power is increased. That is, instead of 
using the same power control process used in conven- 
tional CDMA cellular systems and attempting to arrive 
with the same power level at the base station for each 
transmitter, the transmit power of the asymmetric- 
speech-coder transceiver is purposely increased. In this 
manner, the signal of the asymmetric-speech-coder 
transceiver arrives at the base station at a power level 
that is higher than that of other (symmetric) transceivers. 



2 



3 



EP 0 715 431 A2 



4 



One advantage of the present invention is that the 
enhanced level of quality can be provided to the users 
on an as-requested basis. Thus, if a particular user 
desires a higher-quality communication link, that user 
can be provided with an asymmetric-speech-coder 5 
transceiver that employs the higher speech coding rate 
and a higher convolutional code rate. 

A benefit of this feature is that the higher quality serv- 
ice can be restricted to only those users paying for such 
service. Thus, the impact on capacity of a CDMA system 10 
can be controlled because the availability of the higher 
rate uplink coder is limited to those willing to pay for this 
impact. With the proper pricing structure in place, any 
impact on the system capacity will not result in an 
increased cost to other users. is 

Another advantage of the invention is that for periods 
of time where there are no users using the asymmetric 
speech coding, the system capacity of a CDMA system 
is maintained. The system capacity is only impacted 
when a user using asymmetric speech coding is present 20 
on a CDMA system. Thus, the system capacity is dynam- 
ically changed as users with asymmetric speech coders 
access the link. Thus, in a CDMA system, an advantage 
of the asymmetric speech coder over a symmetric 
speech coder is that it enables more efficient usage of 25 
system capacity. 

Another advantage is that the power of each trans- 
ceiver can still be controlled by the service provider, thus 
allowing the provider to maintain control over the com- 
munications system. In this manner, the provider can 30 
take steps to minimize the impact of the increased-power 
users. The provider also has the control necessary over 
the power to control the resultant decrease in channel 
capacity. 

A further advantage of the invention is that it allows 35 
an improvement in audio quality to be implemented with 
a minimum impact to the digital cellular communications 
system. The invention can be implemented in TDMA and 
CDMA systems with a minimal change for the base sta- 
tion and the mobile terminals. Therefore, a timely and 40 
relatively low cost implementation can be achieved while 
still providing an improved level of service. 

An advantage for TDMA systems of an asymmetric 
speech coder over symmetric higher rate speech coding 
is the consideration of unbalanced RF interference 45 
between the uplink and downlink. Furthermore, with an 
asymmetric speech coder, the audio quality of the uplink 
can be improved without impacting system capacity 

Further features and advantages of the present 
invention, as well as the structure and operation of vari- so 
ous embodiments of the present invention, are described 
in detail below with reference to the accompanying draw- 
ings. 

Brief Description of the Drawings ss 

The present invention is described with reference to 
the accompanying drawings. In the drawings, like refer- 
ence numbers indicate identical or functionally similar 



elements. Additionally, the left-most digit of a reference 
number identifies the drawing in which the reference 
number first appears. 

FIG. 1 is a block diagram illustrating a digital cellular 
communications system. 

FIG. 2 is a blockdiagram illustrating a representative 
architecture of a cellular transceiver according to one 
embodiment of the invention. 

FIG. 3 is an operational flow diagram illustrating the 
operation of the transceiver depicted in FIG. 2 according 
to one embodiment of the invention. 

Detailed Description of the Embodiments 

1 . Overview of the Invention 

The present invention is directed toward a system 
and method for improving the quality of speech in digital 
cellular systems by implementing an asymmetric speech 
encoding scheme. According to the invention, the rate of 
the speech coder used in the uplink is increased to 
increase the quality of the audio communications in this 
link. To compensate for this increased rate, the rate of 
the convolution code is decreased to keep the bandwidth 
the same. The resultant loss in coding gain is compen- 
sated for by increasing the uplink transmitted RF power. 
To maximize available bandwidth on the downlink, the 
speech coder rate on the downlink is maintained without 
increase. Thus, the speech coding schema implemented 
is asymmetric. 

In this document, the term "asymmetric-speech- 
coder transceiver" is used to describe a cellular trans- 
ceiver that incorporates this higher rate speech coder on 
the uplink while maintaining the downlink speech coder 
at the original, lower rate. 

2. Example Environment 

The invention is intended to improve the quality of 
digital cellular communications. Thus, the general envi- 
ronment of the invention is a digital CDMA (code division 
multiple access) cellular communications system. A rep- 
resentative cellular communications system 100 is 
depicted in FIG. 1 . This system 100 includes a base sta- 
tion 1 04 and one or more transceivers 1 08. Base station 
104 represents the equipment provided by a cellular 
service provider and used to provide cellular communi- 
cations services to the provider's clients. Thus, base sta- 
tion 104 generally represents the cellular service 
provider's communications equipment. This equipment 
can include, but is not limited to, one or more communi- 
cations satellites to relay cellular traffic, earth terminals 
for tracking and controlling the satellites, and earth- 
based communications relay facilities. 

Transceiver 108 generally represents a cellular tel- 
ephone. Examples of transceiver 1 08 include, but are not 
limited to, mobile or portable cellular telephones, fixed- 
location cellular phones, and other cellular transceivers. 
The transceivers can be used to communicate voice, 
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modem, facsimile and otiier data. Tlie data communi- 
cated via the cellular system 1 00 is generally referred to 
in this document as "user communications." 

In operation, base station 104 interfaces transceiver 
108 with another transceiver 108 or with another tele- 5 
phone or other transceiver, so that information can be 
communicated. Transceiver 108 sends its signals to 
base station 104 via a data channel referred to as an 
uplink 1 22. These signals can include, but are not limited 
to, the users communications and control signals. Trans- io 
ceiver 108 receives, via a downlink data channel 
(referred to as downlink 124), user communications and 
control data from base station 104. 

The present invention is described in terms of this 
example environment of a generic digital cellular com- is 
munications system. Description in these terms is pro- 
vided for convenience only. It is not intended that the 
invention be limited to application in this example envi- 
ronment. In fact, after reading the following description, 
it will become apparent to a person skilled in the relevant 20 
art how to implement the invention in alternative environ- 
ments. 

In fact, the present invention can easily be imple- 
mented in a TDMA cellular system. For one example of 
a TDMA cellular system, consider a 30-kilohertz (Khz) 25 
channel divided into six (6) timeslots and shared among 
three (3) users. For downlink transmissions, base station 
1 04 typically maintains the same power level for all three 
users. The power level can be determined by the maxi- 
mum power or determined by the user that is larthest 30 
away from base station 104. 

For uplink transmissions, to extend the battery life of 
transceiver 108, each transceiver transmits a different 
power as instructed by base station 1 04. The greater the 
distance between transceiver 1 08 and base station 1 04, 35 
the higher the power in the uplink. As a result, there is 
an RF power and interference unbalance created 
between downlink 124 and uplink 122. The extra inter- 
ference budget in uplink 1 22 can be used by asymmetric 
speech coder users. Because of this, the TDMA cellular 40 
system can improve audio quality for some asymmetric 
speech coder users at little or no impact on system 
capacity and system planning (e.g., cell size, frequency 
coordination, etc.). 

45 

3. The Invention in terms of the Example Environment 

To improve voice quality of digital cellular communi- 
cations system 100, voice coding techniques for the 
uplink and downlink communications are employed. One so 
common approach is to use an 8 kbps (kilobits per sec- 
ond) CELP (code-excited linear prediction) speech 
coder for both the uplink 122 and the downlink 124. 

To improve the bit-error rate (BER) of the channel, 
the encoded data are convolutionally coded using a {k,n) 55 
convolutional code. The (/c,n) convolutional code accepts 
n binary symbols at its input and produces /cbinary sym- 
bols at its output. A conventional cellular system uses a 



(2,1) code on downlink 124, and a (3,1) code on uplink 
122. 

To limit the amount of interference generated by a 
transceiver 108, its power is limited. In most systems, 
base station 1 04 controls a transceiver's power by send- 
ing commands to that transceiver 108 via downlink 124. 
With lower power of transceivers 108, destructive inter- 
ference among transceivers 108 is minimized. There- 
fore, as transceiver power is reduced, more transceivers 
108 can generally share the available bandwidth of the 
communications channel. Thus as power is reduced, the 
system capacity is increased. However, the cost of this 
increase is a degradation in the signals across the chan- 
nel. Thus, as power is decreased, the BER typically 
increases. 

It would be desirable to increase the rate of the 
speech coder to a rate above 8 kbps to improve the voice 
quality However, as the rate is increased, the number of 
users the channel can support at a given time (i.e., sys- 
tem capacity) decreases. Because the profitability of the 
system is based on the number of users, there is a 
cost/benefit tradeoff between high audio quality and low 
access charges. 

In an endeavor to maximize the benefits while min- 
imizing the costs, the inventor has discovered that most 
of the degradation in audio quality is introduced in uplink 
1 22, and a relatively small amount of degradation is intro- 
duced in downlink 124. Thus, the invention provides an 
asymmetric speech encoder that treats uplink 1 22 differ- 
ent from downlink 124. 

There are several situations that contribute to an 
increased degradation in audio quality in uplink 122 as 
compared to downlink 124. In a majority of the cellular 
communication uses, a cellular telephone user is com- 
municating with a conventional telephone user. In such 
an environment, the conventional telephone user is typ- 
ically in a quiet, ambient environment with less back- 
ground noise to degrade the audio quality This is the 
signal that is provided to the base station 104 for down- 
link to transceiver 108. Thus, by its very nature, the 
downlink is typically quieter. 

On the other hand, the cellular user is typically in a 
noisy environment, such as the automobile, and more 
noise is introduced into the audio signal. Furthermore, 
because of this noisy environment, the cellular user is 
less sensitive to downlink audio quality As still a further 
consideration, base station 1 04 can put more processing 
power (e.g., a high performance DSP chip, higher 
dynamic range) to implement a better speech encoder 
with little audio quality degradation. On the other hand, 
due to constraints placed on the cost and the battery life 
for transceivers 108, the speech encoder is often imple- 
mented at a minimum processing power and dynamic 
range at the cost of audio quality 

As stated above, to compensate for the unbalanced 
ambient environment and the unbalanced processing 
power of the uplink and downlink an asymmetric speech 
coder is provided that provides a higher rate speech 
coder in uplink 122 than provided in downlink 124. This 
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is a clear advantage over a symmetric higlier rate speech 
coder. In a symmetric higher rate speech coder, the 
downlink also uses the higher rate speech coder that is 
provided to the uplink. This provides very little benefit to 
a mobile user in a noisy ambient environment, especially 5 
where high performance digital signal processing tech- 
niques are used at the base station 104. 

Where an asymmetric speech coder is implemented 
In a CDMA system, the extra interference budget from 
downlink 1 24 can be used to implement a broadcast data 
channel for all users in the same cell. This broadcast data 
channel can be used to send e-mail, traffic information, 
stock market information, etc. This broadcast data chan- 
nel can also serve as a downlink 124 for packet data in 
a CDMA digital cellular system. 

To improve the audio quality of digital cellular com- 
munications system 100, the invention implements a 
high rate speech coder in the uplink 122. In one embod- 
iment, a 13 kbps speech encoder is implemented. How- 
ever, the increase to 1 3 kbps results in a consumption of 
approximately 50% more bandwidth than was consumed 
with the standard 8 kbps encoder. Thus, the capacity of 
the channel is decreased. 

To compensate for the decreased capacity the 
invention uses a (2,1) convolution code on uplink 122 in 
place of the (3,1) code. This results 50% fewer output 
symbols generated for each input symbol (two output 
symbols are generated instead of three for each input 
bit). Thus, the use of a (2,1) code offsets the increased 
bandwidth introduced by the 13 kbps code. Unfortu- 
nately switching to a (2,1) code results in a higher BER. 

This loss of coding gain is compensated for by 
increasing the transmitted RF power from transceiver 
108 to base station 104. Thus, the uplink signal from 
asymmetric-speech-coder transceivers 108 arrives at 
the base station 104 at power level that is higher than 
that of the signals from other (symmetric) users. 

One reason conventional digital cellular communi- 
cations systems 100 do not implement the higher rate 
speech coding is because it consumes additional band- 
width. As described above, the inventors have overcome 
this problem by providing the convolutional coding at a 
rate to compensate for the higher rate of the speech 
coder, and the decrease in coding is compensated for by 
an increase in transmitter power. The inventors have also 
limited the application of the higher rate speech coder to 
the uplink 122, where they have discovered it is needed 
most. As a result of this asymmetric coding scheme, the 
quality of service is improved without affecting downlink 
capacity 

FIG. 2 is a block diagram illustrating a transceiver 
108 according to one embodiment of the invention. FIG. 
2 illustrates a representative architecture of transceiver 
108. After reading the following description, it will 
become apparent to a person skilled in the relevant art 
how to implement transceiver 108 using alternative con- 
figurations and/or architectures. In one embodiment, 
transceiver 108 is a CDMA transceiver. 



Transceiver 108 includes a data input module 204, 
a convolutional coder 108, a speech coder 212, and a 
transmitter 216. Data input module 204 receives input 
data from a user. For example, data input module 204 
could receive voice data from a person speaking on a 
telephone, or can receive fax data from a facsimile 
machine, or, data input module could receive data from 
numerous other like sources. If the received data is ana- 
log (e.g., speech), data input module 204 performs an 
analog-to-digital conversion to digitize the input data. 
Data input module 204 can also perform other data for- 
matting as may be desired for transmission of the data 
using digital cellular communications system 100. The 
digital data are fonn^arded to speech coder 212 to 
enhance the audio quality As stated above, in a pre- 
ferred embodiment, speech coder 212 is a 13 kbps 
speech coder. 

From speech coder 212, the data are forwarded to 
convolutional coder 208 where a rate l/K convolutional 
code is applied to the data. As stated above, in the pre- 
ferred embodiment, the convolutional code is a rate 1/2 
convolutional code, which is an increased code rate over 
the standard rate 1/2 convolutional code. 

Once the data are convolutionally encoded, they are 
foPA^arded to transmitter 216 for transmission across 
uplink 122. Transmitter 216 provides the RF modulation 
necessary for such transmission. 

Transceiver 1 08 also includes a speech decoder 222 
to decode speech coded user communications received 
via downlink 124. Conventional transceivers 108 utilize 
the 8 kbps standard CELP decoder. The rate of speech 
coding on downlink 124 is unchanged according to the 
invention. This is because maximum gains are obtained 
by enhancing the uplink 122 portion of the system. 

Uplink 1 22 is illustrated in FIG. 2 as having two com- 
ponents: uplink data path 232, and uplink control path 
234. It is across uplink data path 232 that the input data 
travels to base station 1 04 for forwarding to the recipient. 
Control path 234 is used by base station 104 and trans- 
ceiver 108 to exchange certain control information. It is 
by control path 234 that base station 104 controls the 
transmitter power of transceiver 108. Thus, signals 
received from base station 104 are used to increase or 
decrease the power of transmitter 21 6. As stated above, 
an increase in transmitter power results in greater inter- 
ference on uplink 122, resulting in a limitation on the 
number of users that can simultaneously access the 
channel. Conversely a decrease in transmitter power 
results in decreased interference, and hence, additional 
users can access the channel. 

Thus, in accordance with a preferred embodiment 
of the invention, base station 104 monitors and adjusts 
transmitter power of transceiver 108 to optimize the 
channel bandwidth. Thus, the effects of increased trans- 
mitter power as a result of the higher rate speech coder 
(and higher rate convolutional coder) can be minimized 
to obtain optimum system performance. Further, 
because the power of each user can be controlled, the 
capacity of a channel can be decreased in a controlled 
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manner. This provides digital cellular communications 
system 100 with flexibility and control over the system 
bandwidth. 

FIG. 3 is an operational flowchart illustrating the 
operation of the invention according to one embodiment, s 
In a step 304, transceiver 108 receives input data. If the 
input data are analog, they are digitized to form digital 
data. The digital data are then forwarded to speech coder 
212. 

In a step 308, speech coder 212 performs a speech io 
coding on the data. To improve the audio quality of the 
digital cellular communications system 100, speech 
coder 212 performs this coding at a higher rate than 
would othenwise be provided. For example, a conven- 
tional standard uses an 8 kbps CELP speech coder. In i5 
this example, speech coder 212, according to the inven- 
tion, is increased to a 13 KBPS speech coder for the 
uplink 122. This results in higher quality audio, but con- 
sumes a greater bandwidth than the 8 kbps CELP 
speech coder. The speech coded data are then for- 20 
warded to convolutional coder 208. 

In a step 312, convolutional coder 208 applies an 
error correcting code to the data to allow errors to be min- 
imized across the link. According to the invention, a 
higher rate convolutional code is employed so that fewer 25 
symbols per bit are generated. This results in transceiver 
1 08 requiring less bandwidth to transmit the data across 
uplink 122. In the example above where the 8 kbps 
speech rate is increased to 13 kbps, the rate 1/3 convo- 
lutional code is replaced with a rate 1/2 code. Increases 30 
in the bandwidth consumption due to the higher rate 
speech coder are offset by using a higher rate convolu- 
tional code that generates fewer symbols per input bit. 

In a step 316, the data are transmitted across uplink 
1 22 to base station 1 04. This transmission occurs at an 35 
increased RF power to compensate for the loss of coding 
gain introduced by the higher rate convolutional coding. 

As indicated above, a significant difference of the 
asymmetric speech coding over conventional systems is 
that asymmetric-speech-coded transmissions arrive at 40 
base station 104 at a power level that is higher than that 
of the signals from other users. With conventional sym- 
metric systems, each transceiver 108 estimates its own 
transmitter power. A correction to this estimated power 
is supplied by base station 1 04 to adjust the actual trans- 45 
mitted power. Thus, in conventional systems, all trans- 
ceivers 108 use the same process and the signal from 
each transceiver reaches base station 104 at approxi- 
mately the same power level. 

To reduce residual errors, each transceiver 1 08 cor- so 
rects its transmit power with information supplied by base 
station 104 via low-rate data inserted into the downlink 
1 24. Base station 1 04 derives this correction information 
by monitoring the uplink channel quality of each mobile 
station, comparing this measurement to a threshold, and 55 
requesting an increase or decrease in power depending 
on the result. In this manner, base station 104 maintains 
each uplink 1 22, and thus all uplinks 1 22 at the minimum 
power necessary to provide acceptable performance. 



According to the invention, the power level of asym- 
metric transmissions arrives at base station 1 04 at a rate 
higher than that of symmetric transmissions. The power 
level for all symmetric transmissions can be controlled in 
the same manner as that described for conventional sys- 
tems, allowing system capacity to be maximized when 
no asymmetric transmissions are present. When an 
asymmetric transmission is present, that user's power 
can be controlled in a similar fashion, but around an 
increased baseline. The increase in the asymmetric 
user's power is controlled to a level needed to obtain 
acceptable performance. 

In one embodiment of the invention, the user is given 
the option of signing up for the higher level of service at 
the time the service agreement is implemented. In this 
embodiment, the user is always provided with the higher 
level of service every time he or she uses his or her trans- 
ceiver 108. Thus, this user's transceiver (having asym- 
metric speech coding) always transmits to base station 
104 such that its signal reaches base station 103 at a 
power level that is higher that of other (symmetric) users. 

In a second embodiment, a user can select the 
higher quality service at the time such service is desired. 
In other words, the higher level of service can be selected 
on a per-call basis. Thus, if a user is placing an important 
call, that user can request the higher level of service. A 
technique for implementing the higher level of service on 
a per-call basis can be implemented in numerous ways. 
For example, the system can be set up such that the user 
simply enters a key sequence when requesting the 
higher level of service. In another example, the system 
can be implemented such that the user selects the higher 
level of service by a switch located on transceiver 104. 
In either case, transceiver 1 08 is provided with selectable 
uplink speech coding such that asymmetric speech cod- 
ing can be implemented. 

An advantage of providing the higher level of service 
on a per call basis is that additional system capacity is 
not consumed each time the user places a call. Instead, 
the additional bandwidth is consumed only when a user 
selects the higher level of service. In this second embod- 
iment, when the higher level of service is selected, the 
transceiver 1 08 performs the appropriate speech coding 
and convolutional coding, and the base station 104 sets 
up the transmitter power at the appropriate level. This 
provides additional flexibility in controlling the digital cel- 
lular communications system. 

4. Conclusion 

While various embodiments of the present invention 
have been described above, it should be understood that 
they have been presented by way of example only and 
not limitation. Thus, the breadth and scope of the present 
invention should not be limited by any of the above- 
described exemplary embodiments, but should be 
defined only in accordance with the following claims and 
their equivalents. 
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Claims 

1 . A cellular transceiver, for providing enhanced audio 
quality cellular communications, comprising: 

speech decoder means for decoding down- s 
link user communications coded with a speech code 
at a first rate; and 

speech coder means for coding uplink user 
communications with a speech code at a second 
rate that is higher than said first rate; io 

wherein the increased rate of said uplink 
speech coder results in enhanced quality audio 
communications while not impacting bandwidth con- 
sumption of the downlink. 

15 

2. The cellular transceiver of claim 1 , further compris- 
ing: 

means for convolutionally coding user com- 
munications at a rate that is selected to compensate 
for the difference between said first and second 20 
rates; and 

means for transmitting said speech coded, 
convolutionally coded user communications at an 
increased power level to compensate for lost coding 
gain resulting from said altered convolutional coding 25 
rate. 

3. The cellular transceiver of claim 2, further compris- 
ing: 

means for receiving user communications 30 
from a user; and 

means for digitizing said user communica- 
tions prior to speech coding. 

4. The cellular transceiver of claim 2, further compris- 35 
ing: 

means for receiving control signals to control 
said power level to optimize channel capacity 

5. The cellular transceiver of claim 1 , further compris- 40 
ing: 

receiver means for receiving said downlink 
user communications; 

decoder means for decoding downlink user 
communications coded with a convolutional code. 45 

6. The cellular transceiver of claim 1 , further compris- 
ing data output means for providing downlink user 
communications to a user of the transceiver. 

50 

7. The cellular transceiver of claim 1 , wherein said sec- 
ond rate is 13 kbps. 

8. The cellular transceiver of claim 7, wherein said first 
rate is 8 kbps. 55 

9. The cellular transceiver of claim 2, wherein said first 
rate is 8 kbps, said second rate is 1 3 kbps, said con- 



volutional code rate is 1/2 and said power level is 
increased by 0.5dB. 

10. A system for providing enhanced quality digital cel- 
lular communications, comprising: 

a cellular transceiver for allowing a first user 
to communicate with a second user via a cellular 
communications system; 

a base station for relaying user communica- 
tions between said cellular transceiver and another 
transceiver; and 

an asymmetric speech coder for providing 
speech coding of user communications between 
said cellular transceiver and said base station, said 
asymmetric speech coder comprising 

speech decoder means for decoding down- 
link user communications 

coded with a speech code at a first rate, and 

speech coder means for coding uplink user 
communications with a speech code at a sec- 
ond rate that is higher than said first rate; 

wherein the increased rate of said uplink 
speech coder results in enhanced quality audio 
communications while not impacting bandwidth con- 
sumption of the downlink. 

1 1 . A digital cellular communications system for provid- 
ing enhanced audio quality of user communications, 
comprising: 

a base station for relaying user communica- 
tions between a first user and a second user, 
wherein said first user is communicating via a cellu- 
lar transceiver; 

an asymmetric communications channel for 
transferring user communications between said cel- 
lular transceiver and said base station, said asym- 
metric communications channel comprising 

an uplinkdata path for transmitting user com- 
munications from said cellular transceiver to said 
base station at a first speech code rate, 

a downlink data path for transmitting user 
communications from said base station to said cel- 
lular transceiver at a second speech code rate, 
wherein said first speech code rate is higher than 
said second speech code rate. 

a downlink channel, employing a speech 
code at a first rate; 

an uplink channel, employing a speech code 
at a second rate higher than said first rate; 

means for employing a convolution code to 
said uplink channel, wherein a rate of said convolu- 
tion code is selected to compensate for the differ- 
ence between said first and second rates; and 

means for transmitting data on said uplink 
channel at an increased transmit power to compen- 
sate for said rate of said convolutional code. 
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